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"IMPROVEMENTS IN OR RELATING TO A SAFETY 
5 ARRANGEMENT" 



THE PRESENT INVENTION relates to a safety arrangement and more 
particularly relates to a safety arrangement provided in a motor vehicle adapted 
10 to lift the rear part of the hood or bonnet of the vehicle in response to an impact 
or accident situation involving a pedestrian. 



It has been proposed to provide a safety arrangement adapted to raise the 
rear part of the hood or bonnet of the motor vehicle in the event that an accident 
15 should occur in which a pedestrian is involved. The reason for lifting the rear 
part of the hood or bonnet is that, with the rear part of the hood or bonnet lifted, 
the entire bonnet is spaced from the underlying engine. The hood or bonnet 
may thus deform, whilst decelerating the body or head of the pedestrian, thus 
giving the head or body of the pedestrian a relatively slow deceleration. If the 
20 hood or bonnet were not lifted, if the hood or bonnet deformed downwardly by 
even a short distance due to an impact with a pedestrian, that downward 
movement would soon terminate when the underside of the hood or bonnet 
impacted with the underlying engine, thus very rapidly decelerating the 
pedestrian with possibly fatal consequences. 

25 

Various proposals have been put forward as to mechanisms to achieve 
this objective, but it has been found difficult to provide a mechanism 
dimensioned to be located beneath the hood or bonnet, but which is capable of 
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providing a sufficient degree of lift. The present invention seeks to provide an 
improved safety arrangement. 

According to one aspect of this invention there is provided a lifting unit 
5 for lifting the rear part of a hood or bonnet, the lifting unit comprising a hollow 
cylindrical guide and at least one piston moveable relative to the hollow 
cylindrical guide, the piston being of hollow cylindrical form. 

Preferably the unit incorporates two pistons each moveable relative to 
1 0 the guide and each moveable relative to the other piston. 

Advantageously both of said pistons are of hollow cylindrical form, the 
two pistons being telescopically inter-engaged, the innermost piston 
telescopically engaging the cylindrical guide. 

15 

Alternatively the unit incorporates one cylindrical piston moveable 
relative to the guide and one piston comprising a piston head and a piston rod 
moveable relative to the said cylindrical piston. 

20 Preferably the piston rod is connected to the piston head by a yieldable 

coupling to enable the piston rod to be deflected from an initial axis of 
movement of the piston. 

Alternatively the piston head is .provided with a peripheral resilient 
25 sealing ring to facilitate deflection of the piston rod from an initial axis of 
movement of the piston rod. 
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In a further embodiment of the invention the lifting unit defines an inner 
guide cylinder and an outer cylindrical guide sleeve, a cylindrical piston being 
located between the inner guide cylinder and the outer guide sleeve. 

5 Preferably an outer part of the inner guide sleeve defines a groove and 

an inner part of the cylindrical piston defines a groove, the grooves being 
co-aligned when the piston is an initial condition relative to the guide cylinder, 
there being a releasable element contained within the co-aligned grooves to 
retain the piston in the initial condition. 

10 

Conveniently the outer guide sleeve is provided with a re-entrant top 
portion configured to engage a piston head provided on the cylindrical piston. 

According to another aspect of this invention there is provided a lifting 
1 5 unit for lifting part of a hood or bonnet, the lifting unit comprising a plurality of 
elements, at least one element being moveable relative to another element along 
a predetermined axis, the lifting unit being mounted or configured so that when 
the lifting unit is actuated at least part of the lifting unit may deviate from the 
said axis to facilitate the effecting of a virtual pivoting movement of the rear 
20 part of a hood or bonnet. 

Preferably the entire lifting unit is mounted to be tilted from an initial 
position. 

25 Conveniently the lifting unit is mounted with an abutment face present 

on the lifting unit engaging a resilient element mounted on a support, the 
resilient element being configured to be deformed to permit the tilting. 
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Advantageously the lifting unit comprise a plurality of elements, at least 
one element being moveable relative to another element along a predetermined 
axis, at least one part of the unit being yieldable to enable one element to be 
deflected from said axis on deployment of the lifting element. 

Preferably the lifting element incorporates a piston having a piston head 
and a piston rod, the piston rod being connected to the piston head with a 
yieldable coupling so that the piston rod may become deflected from the axis of 
movement of the piston. 

Conveniently the piston rod has a relatively narrow portion which passes 
through an aperture formed in part of the piston head, a resilient washer being 
trapped adjacent piston head by a flange provided on the piston rod. 

15 In an alternative embodiment a piston is provided with a resilient sealing 

washer capable of deforming to permit one element of the lifting unit to 
become inclined. 

Advantageously a piston is provided with a mounting lug provided with 
20 an aperture to receive a pivot pin. 

In order that the invention may be more readily understood, and so that 
further features thereof may be appreciated, the invention will now be 
described, by way of example, with reference to the accompanying drawings in 
25 which: 



FIGURE 1 is a perspective view of a lifting unit; 
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FIGURE 2 is a side view of the lifting unit of Figure 1 ; 

FIGURE 3 is a plan view of a gas generator housing for use with the unit 
of Figure 2; 

5 

FIGURE 4 is a sectional view of the unit of Figure 2 and the associated 
gas generator housing in an initial position; 

FIGURE 5 is a view generally corresponding to Figure 4, but taken from 
1 0 the opposite side, showing the unit of Figures 1 to 4 after deployment; 

FIGURE 6 is an exploded view of some of the components of an 
alternative embodiment of the invention; 

15 FIGURE 7 is a sectional view of the alternative embodiment of the 

invention prior to deployment; 

FIGURE 8 is a view corresponding to Figure 7 illustrating the unit of 
Figures 6 following deployment; 

20 

FIGURE 9 is a sectional view of a further embodiment of the invention 
prior to deployment; 

FIGURE 10 is a sectional view of the embodiment of Figure 8 following 
25 deployment; 



FIGURE 1 1 is a view of yet another embodiment prior to deployment; 



^^T/SE2003/001823 

6 

FIGURE 12 is a view corresponding to Figure 10 showing the 
embodiment of Figure 10 following deployment; 

FIGURE 13 is a sectional view of another embodiment prior to 
5 deployment; 

FIGURE 14 is a view of the embodiment of Figure 12 following 
deployment; 

FIGURE 15 is an enlarged perspective view of components of the 
embodiment of Figures 13 and 14; and 

FIGURE 16 is a side elevational and part sectional view of another 
embodiment of the invention. 

Referring initially to Figures 1 to 5 of the accompanying drawings a 
lifting unit 1 is illustrated. The lifting unit includes an inner hollow cylindrical 
guide 2. The guide 2 is provided, at its lower end, with a projecting neck 3. 
The neck 3 is adapted to be inserted into a recess 4 contained within a housing 
5. The housing 5 defines a second recess 6 adapted to receive a gas generator. 
The neck 3 is provided with a gas inlet aperture 7 so that the gas from the gas 
generator may flow into the interior of the cylindrical guide 2 that is associated 
with the neck 3. 

The upper end of the cylindrical guide 2 is partially sealed by an upper 
cap 8. The upper cap 8 is provided with a central gas flow passage 9 
there-through. The outer periphery of the upper cap 8 is provided with a 
groove 10 containing a sealing ring 11. The sealing ring engages the interior of 
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a first inner hollow moveable cylinder 12, the moveable cylinder 12 
telescopically receiving almost the whole of the inner cylinder 2. 

The first moveable cylinder 12 has its own upper cap 13 which defines a 
5 central gas flow passage 14 and which itself has an outer circumferential 
groove 15 which contains a sealing ring 16, the sealing ring 16 sealingly 
engaging the interior of a second hollow outer moveable cylinder 17. The 
upper cap 13 of the first moveable cylinder 12 has a depending circumferential 
skirt which closely embraces the upper part of the first moveable cylinder 12. 
1 0 The second moveable cylinder 1 7 telescopically receives the combination of the 
inner cylinder 2 and the first moveable cylinder 12. The second moveable 
cylinder 17 is provided with an end sealing cap 18, the end sealing cap 18 
having a central projection 19. 
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15 The entire unit 1 is relatively compact and may readily be mounted in 

position beneath the rear part of the hood or bonnet of a motor vehicle. 

It is to be understood that, should an accident arise involving an impact 
of the vehicle with a pedestrian, gas will be generated and will flow through the 

20 apertures 7 into the neck 3 and thus into the hollow interior of the cylindrical 
guide 2. It will be possible to achieve a substantial flow rate of gas, since the 
gas will not initially be fed into an extremely small chamber but instead will be 
fed into the entire hollow interior of the cylindrical guide 2. Gas will flow 
through the outlet port 9 provided in the sealing closure 8, and will cause the 

25 first moveable cylinder 12 and the outer moveable cylinder 17 to move axially, 
the cylinders being guided, one on the other and the first moveable cylinder 12 
being guided on the fixed cylindrical guide 2. The entire combination of 
cylinders will expand telescopically to have a substantial length as shown in 
Figure 5. 
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It can be seen that because there are two moveable hollow cylinders 12 
and 17 each of which has a length substantially equal to that of the inner 
cylindrical guide 2, a total "lift" can be achieved which is equal to 
approximately twice the initial height of the unit. 

Once the cylinders have "lifted" to have the configuration as shown in 
Figure 5 there is a certain "play" between the interconnection of the adjacent 
cylinders enabling the uppermost tube 17 to tilt about the axis defined by the 
innermost guide cylinder 2. This may be of substantial benefit since the rear 
part of a hood or bonnet, when lifted by the lifting unit, will effect a virtual 
pivotal movement about the retaining catch provided at the front of the hood or 
bonnet. 



15 Referring now to Figures 6 to 8, in an alternative embodiment of the 

invention a lifting unit 20 is provided with a housing 21 defining a chamber or 
cavity 22 to receive a gas generator. The housing 21 is provided with a 
peripheral mounting flange 23 and is also provided with an axially extending 
inner hollow guide cylinder 24. The inner guide cylinder 24 terminates with a 

20 closed end provided with a gas outlet aperture 24a. The portion of the inner 
guide cylinder 24 adjacent the chamber 22 containing the gas generator is 
thickened at 25 and the thickened portion 25 is provided with an outer 
peripheral semicircular groove 26. 

25 A hollow cylindrical piston 27 is provided which surrounds the inner 

guide cylinder 24. One end of the piston 27, adjacent to the thickened portion 
25 of the inner guide cylinder 24 is provided with a piston head 28. The piston 
head is of annular form and in an initial position surrounds the thickened 
portion 25 of the inner guide cylinder 24, and is provided with an internal 
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semicircular groove 29 which is in alignment with the semicircular groove 26 
provided in the thickened portion 25. A "C" clip 30 is retained within the 
co-aligned grooves, thus holding the cylindrical piston 27 in a predetermined 
initial condition relative to the inner guide cylinder 24. 

The upper end of the cylindrical piston 27 is sealed by means of a 
sealing plug 31. The sealing plug 31 may be configured to be biased against 
the underside of a hood or bonnet or may be configured to define a pivot axis, 
on which part of the hood or bonnet may be pivotally mounted. 



The housing 21 carries an outer hollow cylindrical guide sleeve 32, the 
outer guide sleeve 32 extending upwardly from above the mounting flange 23 
so as to telescopically receive the cylindrical piston 27 and the inner guide 
cylinder 24. The outer guide sleeve 32 is formed of a deformable material and 
15 has, at its upper end, an inwardly folded re-entrant portion 33 which contacts 
the outermost part of the upper region of the cylindrical piston 27. The piston 
head 28 of the cylindrical piston 27 is a sliding sealing fit within the outer guide 
sleeve 32. 

20 On actuation of the gas generator the hollow cylindrical piston 27 moves 

upwardly, as gas flows through the hollow interior of the inner guide 
cylinder 24 and through the gas outlet aperture 25 into the interior of the 
cylindrical piston 27. As the piston 27 moves upwardly, the piston 27 becomes 
disengaged from the guide cylinder 24. As the piston head 28 is a sliding 

25 sealing fit within the guide sleeve 32, the continued generation of gas continues 
to force the piston 27 upwardly. The piston head 28 then engages the lower end 
of the re-entrant portion 33 of the guide sleeve 32. This re-entrant portion 33 is 
then deformed, thus absorbing energy and terminating the upward movement of 
the cylindrical piston 27. The unit 20 then has the condition shown in Figure 8. 
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Figures 9 and 10 illustrate another embodiment of the invention in which 
a lifting unit 40 comprises an outer cylindrical guide 41 of uniform 
cross-section with, at its upper end, an inwardly directed lip. The guide 41 is 
5 provided, at its base, with a housing 42, the housing 42 defining a chamber or 
cavity 43 to receive a gas generator, the gas generator being configured to 
direct gas into the interior of the guide 41. Contained within the guide 41 is a 
hollow cylindrical piston 44. The piston 44 is generally of uniform section, and 
is provided at its upper end with an inwardly directed lip. The piston 44 is 
10 provided with a piston head 45 adjacent to the housing 42, piston head 45 
defining an outer peripheral groove 46 which receives a sealing ring 47, the 
sealing ring 47 effecting a substantially sealing sliding fit within the outer 
cylindrical guide 41. 

15 Contained within the inner cylindrical piston 44 is a piston unit 48, the 

piston unit having a piston rod 49 carrying, at its lower end, a piston head 50. 
The piston head 50 is provided with a peripheral and inner groove 51 
containing a sealing ring 52 which engages the interior of the cylindrical piston 
44. The piston rod has a relatively narrow portion 53 above the lower terminal 

20 end of the piston rod. The narrow portion 53 extends through a corresponding 
aperture formed in a web constituting a central part of the piston head, and also 
through a resilient washer 54 above the web. The piston rod 49 has enlarged 
flange 55 which abuts the upper surface of the washer 54. Thus the washer 54 
and the web of the piston head are trapped between the flange 55 and the end of 

25 the piston rod 49. 

The uppermost end of the piston rod is engaged with an end cap 56 
which initially covers the uppermost ends of the cylindrical guide 41 and 
cylindrical piston 44. 



WO 2004/048159 




WO 2004/048159 A ^T/SE2003/001823 



11 



When gas is generated by a gas generator within the cavity 43 the piston 
head 50 of the piston unit 48 moves upwardly, until it engages the lip at the 
uppermost end of the cylindrical piston 44. The cylindrical piston 44 also 
5 moves upwardly until the piston head 45 on the cylindrical piston 44 engages 
the lip at the uppermost end of the outer guide 41 . The lifting unit is then fully 
extended, as shown in Figure 9. 

It is to be appreciated that the piston rod may be deflected slightly from 
10 its initial axis due to the presence of the resilient washer 54 between the flange 
55 on the piston rod 49 and at the adjacent web forming part of the piston head 
50. This may facilitate the opening of the rear part of the hood or bonnet since, 
when the rear part of the hood or bonnet is lifted, the rear part exhibits a virtual 
pivotal motion about the fastening catch provided at the front of the hood or 
15 bonnet. 



Figures 11 and 12 illustrate an embodiment of the invention which is 
very similar to that described with reference to Figure 9 and 10, but in this 
embodiment the piston rod 49 is securely connected to the piston head 50. 

20 Other features of the embodiment of Figure 1 1 and 1 2 are the same as described 
above with reference to Figure 9 and 10. The operation of the unit is the same 
as that described with reference to Figure 9 and 10 but it is to be appreciated 
that when the conventional piston 48 is in the full extended position the piston 
rod 49 may tilt about an axis defined in the region of the piston head, due to a 

25 slight flexibility provided by the sealing ring 52. This again facilitates a virtual 
pivotal movement of the uppermost part of the piston. 

Figures 13 and 14 illustrate a further embodiment of the invention. 
Figure 13 illustrates a lifting unit 60 in its initial condition. The lifting unit 60 
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incorporates a housing 61 defining a chamber 62 to receive a gas generator. 
The upper part of the housing 61 supports an inner hollow guide cylinder 63. 
The upper end of the guide cylinder 63 defines a gas outlet port 64. The base of 
the guide cylinder 63 is provided with a thickened region 65, adjacent the 
5 housing 61. An annular peripheral groove 66 is provided formed in the 
thickened region 65. The groove 66 contains a "C" clip 67. 

A hollow cylindrical piston 68 is provided which is engaged 
telescopically with the guide cylinder 63. The lowermost end of the cylindrical 
10 piston 68 is provided with a piston head 69. The piston head 69 is provided 
with an inner annular groove 70 of a form corresponding to that of the annular 
groove 66 formed in the thickened base region 65 of the hollow inner 
cylindrical guide 63. Contained within the groove is a resilient annular ring 71. 



15 



The annular piston head 69 is also provided with a peripheral groove 72 
provided in its radially outermost face, the peripheral groove 72 containing a 
sealing ring 73. 



The upper end of the cylindrical piston 68 is provided with a plug 74. 
20 The plug 74 is provided, at its outer end, with an upstanding lug 75. The lug 75 
defines a through-bore 76 dimensioned to receive a pivot pin. Part of the hood 
or bonnet may be pivotally mounted on the pivot pin. 



25 



The housing 61 carries a hollow cylindrical outer guide sleeve 77. The 
lowermost end of the guide sleeve 77 is crimped to the housing 61. The piston 
head 69 of the cylindrical piston 68 is a sliding sealing fit within the guide 
sleeve 77. The upper end of the guide sleeve 77 is crimped to a annular 
mounting ring 78. The mounting ring 78 may be used to mount the lifting unit 
60 to an aperture formed in a support plate 79 forming part of the vehicle. A 
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wiper seal 80 may be provided at the upper end of the guide sleeve 77, adjacent 
the mounting ring 78, the wiper seal 80 engaging the outer surface of the 
cylindrical piston 68. 

5 It is to be appreciated that the cylindrical piston 68 in an initial position, 

as shown in Figure 13, the combination of the "C" clip 67 and the annular ring 
71 in the co-aligned annular grooves 66 in a thickened portion 65 at the base of 
the inner cylindrical guide 63 and 70 formed in the inner face of the piston head 
69, serve to retain the cylindrical piston 68 firmly in an initial position. Thus 
1 0 the apertured lug 75 can provide a firm pivot point for the rear part of the hood 
or bonnet. 

On actuation of the lifting unit, gas is supplied from the gas generator 
through the hollow cylindrical guide 63 to the interior of the cylindrical piston. 
1 5 The cylindrical piston 68 thus moves axially, lifting the lug 75. 

When the cylindrical piston 68 has been lifted it is possible for the axis 
of the cylindrical piston 68 to deviate from the axis of the cylindrical guide 63 
and also the cylindrical sleeve 77. This enables a hood or bonnet to effect a 
20 virtual pivoting motion about a front fastening catch. 

Figure 16 illustrates a further embodiment of the invention in which a 
lifting unit 81 which may be a lifting unit having the same internal design as 
that of the lifting unit 60 is mounted in position so that the entire lifting unit 
25 may tilt or pivot from an initial vertical position. Lifting unit 81 is provided 
with an outer cylindrical guide 82, and carries, at its lower end, an outwardly 
directed mounting flange 83. Beneath the mounting flange 83 a housing 84 is 
provided to contain a gas generator. 
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The upper end of the lifting unit is provided with an apertured lug 85. 

The flange 83 rests on top of an annular resilient ring 86 resting on a 
5 support 87 and is held in position by means of an annular retainer ring 88 which 
has an inwardly directed lip which extends inwardly over the flange 83. It is to 
be appreciated that the lifting unit 81 may effect a tilting or pivoting movement 
about an initial upright position, so that the unit deviates from its initial position 
with part of the resilient ring 86 beneath the flange 83 being consequently 
10 compressed. This again facilitates a virtual pivoting movement of the hood or 
bonnet being lifted by the lifting unit. 

In the present specification "comprises" means "includes or consists of 
and "comprising" means "including or consisting of. 

15 

The features disclosed in the foregoing description, or the following 
claims, or the accompanying drawings, expressed in their specific forms or in 
terms of a means for performing the disclosed function, or a method or process 
for attaining the disclosed result, as appropriate, may, separately, or in any 
20 combination of such features, be utilised for realising the invention in diverse 
forms thereof. 
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CLAIMS: 



5 1. A lifting unit for lifting the rear part of a hood or bonnet, the lifting unit 
comprising a hollow cylindrical guide and at least one piston moveable relative 
to the hollow cylindrical guide, the piston being of hollow cylindrical form. 

2. A lifting unit according to Claim 1 wherein the unit incorporates two 
10 pistons each moveable relative to the guide and each moveable relative to the 

other piston. 

3. A lifting unit according to Claim 2 wherein both of said pistons are of 
hollow cylindrical form, the two pistons being telescopically inter-engaged, the 

1 5 innermost piston telescopically engaging the cylindrical guide. 

4. A lifting unit according to Claim 2 wherein the unit incorporates one 
cylindrical piston moveable relative to the guide and one piston comprising a 
piston head and a piston rod moveable relative to the said cylindrical piston. 

20 

5. A lifting unit according to Claim 4 wherein the piston rod is connected 
to the piston head by a yieldable coupling to enable the piston rod to be 
deflected from an initial axis of movement of the piston. 



25 



6. A lifting unit according to Claim 4 wherein the piston head is provided 
with a peripheral resilient sealing ring to facilitate deflection of the piston rod 
from an initial axis of movement of the piston rod. 
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7. A lifting unit according to Claim 2 wherein the lifting unit defines an 
inner guide cylinder and an outer cylindrical guide sleeve, a cylindrical piston 
being located between the inner guide cylinder and the outer guide sleeve. 

5 8. A lifting unit according to Claim 7 wherein an outer part of the inner 
guide sleeve defines a groove and an inner part of the cylindrical piston defines 
a groove, the grooves being co-aligned when the piston is an initial condition 
relative to the guide cylinder, there being a releasable element contained within 
the co-aligned grooves to retain the piston in the initial condition. 

10 

9. A lifting unit according to Claim 7 or 8 wherein the outer guide sleeve is 
provided with a re-entrant top portion configured to engage a piston head 
provided on the cylindrical piston. 

15 10. A lifting unit for lifting part of a hood or bonnet, the lifting unit 
comprising a plurality of elements, at least one element being moveable relative 
to another element along a predetermined axis, the lifting unit being mounted or 
configured so that when the lifting unit is actuated at least part of the lifting 
unit may deviate from the said axis to facilitate the effecting of a virtual 
20 pivoting movement of the rear part of a hood or bonnet. 

11. A lifting unit according to Claim 10 wherein the entire lifting unit is 
mounted to be tilted from an initial position. 

25 12. A lifting unit according to Claim 1 1 wherein the lifting unit is mounted 
with an abutment face present on the lifting unit engaging a resilient element 
mounted on a support, the resilient element being configured to be deformed to 
permit the tilting. 
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13. A lifting unit according to any one of Claims 1 0 to 1 2 wherein the lifting 
unit comprise a plurality of elements, at least one element being moveable 
relative to another element along a predetermined axis, at least one part of the 
unit being yieldable to enable one element to be deflected from said axis on 
deployment of the lifting element. 



14. A lifting element according to any one of Claims 10 to 13 wherein the 
lifting element incorporates a piston having a piston head and a piston rod, the 
piston rod being connected to the piston head with a yieldable coupling so that 
the piston rod may become deflected from the axis of movement of the piston. 

15. A lifting unit according Claim 14 wherein the piston rod has a relatively 
narrow portion which passes through an aperture formed in part of the piston 
head, a resilient washer being trapped adjacent piston head by a flange provided 
on the piston rod. 



16. A lifting unit according Claim 14 wherein a piston is provided with a 
resilient sealing washer capable of deforming to permit one element of the 
20 lifting unit to become inclined. 



17. A lifting unit according to any one of the preceding Claims wherein a 
piston is provided with a mounting lug provided with an aperture to receive a 
pivot pin. 



25 
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